This study develops two (2) simple but effective techniques for enhancing buckling resistance of 
restraining effects from the columns in a frame system can also reduce strength degradation rates 77 for RBS moment connections.
78
Uang and Fan [10, 11] 
The strength degradation rate (SDR) defined as the ratio of connection resistance

87
(bending moment) at 0.03 and 0.02 radians plastic rotation (Fig. 1b) . where is the ratio of expected yield stress to specified minimum yield stress.
99
Eq. 1 was developed using the unreduced section properties. This equation does not include 100 the LTB slenderness ratio ( ), as LTB was not found to have much effect on the plastic 101 rotation capacity of connections in the data set examined [10, 11] . Note the relatively stronger 102 influence of the web slenderness ratio ( ), as compared to flange slenderness ratio ( ) degradation due to beam buckling under positive bending but not under negative bending.
119
Therefore, additional bracing from the concrete slab cannot be relied upon to effectively mitigate 120 strength degradation due to local beam buckling under load reversals. story drift of 0.04 radians.
128
The afore described studies have mainly focused on improving the understanding of the local 
201
The moment-rotation responses shown in Fig. 3a and Fig. 3b and 3b). Loading of HBS 5 was terminated after sustaining 2 loading cycles at 5% drift due to a 208 fracture in the location of significant flange buckling (see Fig. 3c ) while loading of HBS 7 was 209 terminated due to significant strength loss resulting from beam buckling (see Fig. 3d ). failures. This connection is referred to as HBS-WR in the forthcoming discussion.
241
As an alternative to web reinforcement, reduction of the material strength of the beam 
Finite Element Modeling of Enhanced Connections
264
Three dimensional nonlinear finite element models were developed for the proposed were applied to the beam flanges close to the loading point (to provide lateral bracing).
271
Displacements were applied to the beam tip in accordance with the standard ANSI/AISC 341-10
272
[3] loading protocol for SMF connections.
273
The beam, column, web reinforcement and continuity plates were modeled with 8 noded 
292
Additive decomposition of each strain increment into elastic and plastic parts is considered:
The elastic strain increment is calculated by the generalized Hooke's law. The Von-Mises 295 yield criterion is expressed as:
where is the stress tensor, is the current center of the yield surface in the total stress space,
298
is the deviatoric stress tensor, is the current yield surface center in the deviatoric space, and 299 is the radius of the yield surface.
300
The plastic strain increment is calculated using the associated flow rule:
Where the dλ is the plastic strain multiplier and dp is the scalar plastic strain increment.
303
The superimposed kinematic hardening rule is given by: imposed by first conducting an eigenvalue analysis of the perfect structure and then prescribing a 327 scaled value of the first eigenmode displacement field as the initial configuration of the structure.
328
The scaling was chosen to represent realistic values of W-shape "out of squareness" based on 329 ASTM A6 [26] tolerances. Similar approaches have been used in other studies [27] [28] .
330
To validate the FE model, the moment-plastic rotation response of HBS 5 is simulated 331 and compared to the experiment in Fig. 7d . In addition, the simulation of the cross-section 
Finite Element Analysis Results and Discussion
366
The addition of the web reinforcement plate increases post yield connection stiffness and 367 strength (see Fig. 8 ). It also delays the onset of buckling, increases the plastic rotation capacity 368 by 50%, and gives a mild improvement in the strength degradation rate (see table 1 ). As a result, (see table 1 ).
377
In addition to improving buckling resilience, the proposed strategies are also fatigue 378 resilient as in both cases most of the yielding and damage takes place away from the welded joint 379 (see Fig. 9 ). Although being more involved from a fabrication standpoint, beam web 380 reinforcement (HBS-WR) does seem to provide greater improvements in seismic performance.
381
Based on these results, full scale testing was conducted to validate the web reinforcement 382 technique as described in the following. 
Experimental Validation
One large scale exterior moment frame sub-assemblage specimen (HBS 8) was tested to 
Test Results
437
Global response of HBS 8 438
Testing was conducted at the North Carolina State University Constructed Facilities 
Comparative Analysis of HBS 8
449
Global Response
450
The peak moment-plastic rotation response of HBS 8 is compared to those of HBS 5 and 
HBS 8 Web reinforcement plate fillet weld failure
485
As previously stated loading of HBS 8 was terminated after one complete loading cycle at 5% in Fig. 1e . FE analysis of HBS-W supports this prediction. The web reinforcement plate also 510 provided significant improvement to plastic rotation capacity and was experimentally validated.
511
In addition, both of the proposed techniques also have the potential to be used as retrofit 512 techniques for seismic upgrades.
513
The research conducted in this study falls far short of that needed for development of design propagates quickly with continued incremental cycles. Table 1 Plastic rotation capacity and strength degradation ratios of HBS WSMCs 
